Abstract
Introduction
Behçet's disease, discovered by Dr. Hulusi Behçet [1] in 1937, is characterized by multiple system involvement though vasculitis is perceived as the basic pathological process in the patients. Endothelial cells modify vascular tone and contribute to hemostasis of the blood coagulation system [2, 3] . As described in previous studies, one of the most striking features of Behçet's disease is endothelial dysfunction, which is thought to be a major factor for increased frequency of thrombosis [4] .
Endothelial cells produce many biological substances, including endothelin-1, nitric oxide (NO), prostaglandins and heparin, all of which play an important role in continuous vascular hemostasis. Many types of cells, including platelets, fibroblasts, neuronal cells, endothelial cells, macrophages and neutrophils produce NO through nitric Örem/Ertürk/Çimşit/Kural oxide synthase (NOS). NOS exists in three isoforms encoded by distinct genes: type I neuronal NOS, type II inducible NOS, and type III endothelial NOS (eNOS). All three forms are rapidly activated by intracellular Ca 2+ fluxes and produce small quantities of NO. Both types I and III are Ca 2+ calmodulin-dependent constitutive NOS isoforms that are rapidly activated by intracellular Ca 2+ fluxes and produce small quantities of NO. Type II is a Ca 2+ -independent isoform that can be induced in large amounts by cytokines and endotoxins during inflammatory or infectious processes in many cells, including hepatocytes, macrophages, neutrophils, smooth muscle cells and chondrocytes. NO derived from eNOS has been implicated in a variety of biological processes such as relaxation of vascular smooth muscle cells, which causes vasodilatation and an anticoagulant effect [5, 6] . On the other hand, it has been shown that oxidized low-density lipoprotein decreases the expression of eNOS [7] .
In a previous study, we showed decreased levels of plasma NO end products, nitrite and nitrate in patients with Behçet's disease [8] . As mentioned above, the source of measured plasma NO products does not represent endothelial-derived NO synthesis. Therefore, the present in vitro study was conducted to assess the action of plasma from patients with Behçet's disease on the production of NO in cultured endothelial cells.
Subjects and Methods

Subjects
The study group included 22 patients with Behçet's disease (12 male and 10 female with a mean age of 33.5 years, range: 28-55 years) and 16 sex/age-matched healthy volunteers. The diagnosis of Behçet's disease was made according to the criteria defined by the International Study Group for Behçet's Disease [9] . Oral aphthous lesions and genital ulcerations were present in 19 patients; uveitis was present in 5 patients. Thirteen patients were treated with colchicine, 3 with nonsteroidal anti-inflammatory drugs and 6 with colchicine plus nonsteroidal anti-inflammatory drugs. Since there is no clinically approved scoring system or laboratory screening profile to define the severity of Behçet's disease, the patients were classified as being in active or inactive disease states by physical manifestations (oral aphthous lesions, genital ulcers and ocular lesions) together with appropriate laboratory investigations, including erythrocyte sedimentation rate (ESR), neutrophil count,· 1 -antitrypsin and · 2 -macroglobulin levels. Patients were considered to be in the active stage of the disease if they had two or more of the following diagnostic criteria: oral aphthae, genital ulcers and uveitis. The disease was considered inactive if patients showed clinical improvement during therapy and had no further ocular attack, genital ulcerations or other manifestations by the end of a 1-year follow-up period. Thus, 10 patients were considered to be in the active phase of the disease and 12 were considered to be in the inactive phase.
Determination of Active Phase Reactants
Blood samples were drawn from the patients and controls in the morning following an overnight fast before and after treatment. None of the patients received systemic or topical therapy at least 4 weeks prior to blood collection. Blood samples of 2.5 ml were drawn into collection tubes with EDTA (1 mg/ml) anticoagulant and an additional 2.5 ml were drawn into tubes without anticoagulant. The blood samples with anticoagulant were divided into two aliquots. Neutrophil count and ESR were determined immediately in one aliquot. Neutrophils were counted by an automated blood counter (MaxM, Coulter), and ESR was determined by the classical Westergren method. The second aliquot was immediately stored at -70°C and its serum was later used to measure · 1 -antitrypsin and · 2 -macroglobulin concentration in a Behring nephelometer 100 analyzer.
Isolation and Culture of Endothelial Cells
Primary cultures of human umbilical vein endothelial cells (HUVECs) were produced from 3-4 pooled freshly delivered umbilical cords (20-40 cm) obtained from healthy births. The endothelial cells were isolated by the method of Jaffe et al. [10] , with minor modifications as suggested by Ashraff [11] . Briefly, the inner lining of the vessel was enzymatically digested with 0.2% collagenase (Sigma, Diesenhofen, Germany) for 6 min at 37°C in 5% CO 2 . The endothelial cells of each cord were then mixed and seeded into tissue culture flasks of 24 cm 2 (Greiner, Frickenhausen, Germany) for propagation in the presence of medium 199 (Biological Industries, Haemek, Israel) supplemented with 20% fetal calf serum (Sigma), 2 mM glutamine, penicillin and streptomycin (100 U/ml and 100 Ìg/ml, respectively) and 2.5 Ìg/ml of Fungizone. The medium was renewed the following day and every other day until cells grown to confluence. In the first passage, HUVECs were dispersed with trypsin/EDTA and seeding at a split ratio of 1:1 in 0.2% gelatin-coated 25-cm 2 culture flasks. The cells at passages 3-4 were similarly harvested from the flasks and seeded into tissue culture dishes (35 mm in diameter). Preliminary experiments, in which the cell number per well was measured by hemacytometer, demonstrated that each well contained 10 6 cells at full confluence. The Bradford protein assay [12] was used to confirm cell number consistency in each well, which resulted in ! 5% variation. Experimental results were thus expressed as per 10 6 cells.
Treatment of Cells with Plasma
The effects of different plasma samples on NO synthesis were studied by adding individual plasma samples in duplicates into cell culture wells at a final concentration of 2% in 1-ml culture medium. Before incubation of the cells, plasma was heparinized (500 U/ml) to prevent clotting with EDTA when exposed to the endothelial cells [13] . After 24-hour incubation of endothelial cells with plasma samples taken from patients or control subjects, each culture medium was collected and deproteinized to measure the by-products of NO synthesis. After reduction of nitrite (using iodide and acetic acid) and of nitrate (using vanadium III and hydrochloric acid) at 90°C into liquid, an inert gas was used to purge NO from the solution. The resulting peak NO levels were then detected by chemiluminescence using the Sievers NO chemiluminescence analyzer (model 280, Boulder, USA) [14] . The amount of NO in the sample was proportional to the amount of light emitted and was calculated using a standard curve.
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Statistical Analysis
Results were expressed as median and range. Plasma concentrations of acute phase reactants and NO products in patients and control subjects were compared by the Mann-Whitney U test. The Wilcoxon test was used to compare the results in the active and inactive phases of the disease; p ! 0.05 was considered statistically significant.
Results
The levels of NO metabolites measured in the endothelial cell cultures incubated by the plasma samples of patients with Behçet's disease were found to be significantly lower than in the healthy controls (table 1). Ten of the 22 patients with active period of the disease were still active period of the disease after the treatment and the rest of the patients were considered to be in the inactive period of the disease. The level of NO metabolites in the active phase (16.0 Ìmol/10 6 cells) was lower than that from patients in the inactive state (19.2 Ìmol/10 6 cells, table 1). Interestingly, the level of NO products in the patients considered to be in the inactive phase was equal to that of the controls. The biochemical parameters (table 2) in all patients were generally higher than those of controls and the patients in the inactive phase, and the differences were statistically significant (p ! 0.05).
Discussion
In a previous study, we reported that the levels of plasma NO metabolites in patients with active Behçet's disease were lower than normal [8] . This finding may not necessarily imply functional impairment of vascular endothelium because the source of NO metabolites in the circulation may vary. The present study, conducted to demonstrate the role of endothelial cells in NO metabolite production when incubated in an appropriate medium, showed that the level of NO metabolites was lower in all BD patients than in patients in the inactive stage or the controls, consistent with previous studies [3, 4, 15, 16] that have described endothelial dysfunction in patients with Behçet's disease. It is plausible that increased free radical production through oxidative stress, as occurs in Behçet's disease, might be involved in events leading to suppression of eNOS activity in endothelial cells [17] [18] [19] . Additionally, Liao et al. [7] reported that oxidized low-density lipoprotein regulates eNOS expression through a combination of early transcriptional inhibition and transcriptional mRNA destabilization [7] , supporting our previous observations that plasma autoantibodies against oxidized low-density lipoprotein are high in Behçet's disease [20] . The possibility of a genetic disorder being involved in the decreased eNOS level in patients with Behçet's disease can be ruled out since the levels of NO metabolites in control subjects and patients with Behçet's disease in the inactive state were not different. Thus, the functional impairment of endothelial cells may be related to secondary pathological events that only develop in the active phase of the disease. Indeed, it is likely that the degree of locally affected eNOS activity may play a critical role in the development of vascular thrombotic events seen in about one third of the patients with Behçet's disease [21] . While, in the present study, the plasma from patients with Behçet's disease decreased the level of NO production in HUVECs (suggesting dysfunction in the endothelial NO synthase activity), further study to show histochemical eNOS activity on biopsy materials obtained from patients with Behçet's disease in active and inactive phases could provide more definitive explanatory information on functionally impaired endothelial NO production.
Conclusion
The findings of this study indicate that plasma from patients with Behçet's disease decreased the level of NO production in the HUVECs, and therefore may cause dysfunction in the endothelial NO synthase activity.
